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This  r e p o r t  p re sen t s  the  mechanical p r o p e r t i e s  of high s t r e n g t h  
A-286 a l l o y  b o l t s  and reduced shank b o l t  specimens which were t e s t e d  
a t  temperatures  from ambient t o  -423OF (-253%). These b o l t s  were 
manufactured by the  Camcar S c r e w  Company u t i l i z i n g  the "Ray-Carl" 
co ld  heading process .  
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SUMMARY 
/---.- 
The mechanical p r o p e r t i e s  of Camcar Screw Company's h igh  s t r e n g t h  
A-286 a l l o y  b o l t s  and b o l t  specimens were determined f o r  t he  tempera- 
t u r e  range of 7 5 9  (23.9OC) t o  -423- (-253OC). The u l t ima te  t e n s i l e  
and y i e l d  s t r e n g t h s  of the b o l t s  and the  reduced shank b o l t  specimens 
increased  w i t h  decreas ing  temperatures a s  expected. The percent  e longa-  
t i o n  va lues  of the  reduced shank specimens increased  t o  a maximum a t  
-320% (-196OC). A t  -423% (-253OC), t he re  was a s l i g h t  decrease i n  
e longa t ion ;  however, the value a t  t h i s  temperature was g r e a t e r  t han  
a t  ambient temperature .  
The notchedhnnotched  t e n s i l e  r a t i o s  were g r e a t e r  than  1 .0  a t  
a l l  t e s t  temperatures ,  which i n d i c a t e s  t h a t  t h i s  m a t e r i a l  i s  r e l a t i v e l y  
notch i n s e n s i t i v e  when used a t  cryogenic temperatures i n  t e n s i o n  a p p l i -  
c a t i o n s .  The mechanical p rope r t i e s  of t he  Camcar b o l t s  and b o l t  spec i -  
mens compare favorably  wi th  h igh-s t rength  A-286 a l l o y  b o l t s  produced by 
o t h e r  manufacturers .  
,/' 
INTRODUCTION 
Many f a c t o r s  o the r  t han  t h e  u l t ima te  t e n s i l e  s t r e n g t h  are con- 
s ide red  when choosing a material  f o r  h igh  s t r e n g t h  b o l t s  t h a t  a r e  
t o  be used a t  cryogenic  and e leva ted  temperatures .  Some of these  
f a c t o r s  a r e  t e n s i l e  y i e l d  s t r e n g t h ,  notched t e n s i l e  s t r e n g t h ,  notched 
t o  unnotched t e n s i l e  r a t i o s ,  and percent  e longat ion .  Since these  
p r o p e r t i e s  cannot be obtained d i r e c t l y  from the  b o l t s ,  it €s neces- 
s a r y  t o  modify the  unthreaded po r t ion  of the  b o l t  shank t o  permit 
a more c r i t i c a l  eva lua t ion  of the f a s t e n e r .  I n  t h i s  r e p o r t ,  the  re- 
s u l t s  t h a t  were obtained from reduced shank b o l t  specimens of A-286 
s teel  a r e  compared t o  the  u l t imate  t e n s i l e  and 0.2 percent  y i e l d  
s t r e n g t h s  of t he  b o l t s ,  a s  ca l cu la t ed  by use of t he  NAS 1348 diameter  




A-286 i s  a hea t  t r e a t a b l e  s t a i n l e s s  s t e e l  conta in ing  approximately 
26 percent  n i c k e l  , 16 percent  chromium, 2 percent  t i t an ium,  and sma l l e r  
amounts of manganese, s i l i c o n ,  molybdenum, vanadium, aluminum, and 
boron. I n  the  annealed cond i t ion ,  t h i s  a l l o y  i s  a s  machinable a s  t he  
r egu la r  chromium-nickel types  of s t a i n l e s s  s t e e l s  ( r e f .  1). An addi-  
t i o n a l  increase  i n  s t r e n g t h  can be obtained by co ld  working the  h a t e r i a l .  
However, due t o  s t r e s s  r e l a x a t i o n ,  the h i g h l y  co ld  worked a l l o y  i s  
no t  s u i t a b l e  f o r  use a t  temperatures  over 1000- (538OC) f o r  long-time 
se rv ice  ( r e f .  2 ) .  
High-strength b o l t s  made from the  A-286 a l l o y  have been used f o r  
s p e c i f i c  app l i ca t ions  f o r  some t i m e .  
( r e f .  3 and 4)  and i n v e s t i g a t i o n s  by o t h e r  o rgan iza t ions  have shown 
t h a t  A-286 has low temperature mechanical p r o p e r t i e s  t h a t  make it 
s u i t a b l e  f o r  a p p l i c a t i o n s  a t  temperatures  a s  low a s  -423% (-253.Q. 
I n  a cont inuing program t o  develop and eva lua te  m a t e r i a l s  f o r  h igh  
performance f a s t e n e r s  , t h i s  d i v i s i o n  i n v e s t i g a t e d  A-286 b o l t s  which 
were manufactured by Camcar Screw Company (a  D i v i s i o n  of Textron 
I n d u s t r i e s  , Incorporated)  u t i l i z i n g  the  "Ray-Carl" cold heading process  
Previous work by t h i s  d i v i s i o n  
The Camcar t es t  b o l t s  (RD 111-4008, 6758 C) were manufactured from 
A-286 m a t e r i a l ,  hea t  No. K-61323. The minimum guaranteed p r o p e r t i e s  
of t h i s  m a t e r i a l ,  as  suppl ied  by the s tee l  producer ,  are 140,000 p s i  
u l t ima te  t e n s i l e  s t r e n g t h  and 85,500 p s i  y i e l d  s t r e n g t h .  
EQUIPMENT AND TEST SPECIMENS 
The equipment used i n  t h i s  i n v e s t i g a t i o n  i s  descr ibed  i n  r e p o r t s  by 
Mil ler  ( ref .  4 )  and Montan0 (ref. 5 ) .  Mechanical p r o p e r t i e s  were d e t e r -  
mined a t  ambient and cryogenic  temperatures  a s  fo l lows:  
a .  Twenty-five of the  b o l t s  were t e s t e d  a s  rece ived .  
b .  Twenty-five b o l t s  were t e s t e d  a f t e r  machining a V-notch ( S t r e s s  
Concentration Fac to r  of K t = l O )  i n t o  the  shank. 
c.  Twenty-five b o l t s  were t e s t e d  w i t h  a smooth, reduced s e c t i o n  i n  
the  shank. The machined specimens permi t ted  a more c r i t i c a l  e v a l u a t i o n  
of t he  b o l t s .  The t e s t  specimen conf igu ra t ions  a r e  i l l u s t r a t e d  i n  FIG 1, 
and a c t u a l  t e s t  specimens a r e  shown i n  FIG I A  through lE. 
2 
. 
RESULTS AND DISCUSSION 
Manufacturers of b o l t s  o f t e n  use the  technique known a5 "Johnson's 
2 / 3  Approximate Yield Method" ( r e f .  6 )  f o r  the  de te rmina t ion  of a b o l t  
y i e l d  load.  A load ve r sus  s t r a i n  curve must be recorded,  p re fe rab ly  by 
use of a b o l t  extensometer which has t h e  a b i l i t y  t o  record  movement i n  
the  t h r e a d s ,  shank, and the  head of t he  b o l t .  However, i n  t h i s  program, 
the  l o a d - s t r a i n  curve was recorded by a t t a c h i n g  a convent ional  extenso-  
meter t o  the  unthreaded po r t ion  of the b o l t  shank. Data obtained i n  
t h i s  manner compared favorably  wi th  da t a  obta ined  by means of a b o l t  
extensometer a t  ambient temperature.  Af t e r  t h e  l o a d - s t r a i n  curve was 
recorded,  the  s lope  of the  curve was determined, and a l i n e  r ep resen t ing  
2 / 3  of t h i s  value was p l o t t e d .  Another l i n e  was drawn p a r a l l e l  t o  the 
2 / 3  slope l i n e  s o  t h a t  it was tangent t o  the  l o a d - s t r a i n  curve near  the  
p ropor t iona l  l i m i t .  The po in t  of tangency i n d i c a t e d  the  y i e l d  load.  
Although the  y i e l d  load of t he  b o l t  was determined, the  e x a c t  a r ea  f o r  
c a l c u l a t i n g  u n i t  t e n s i l e  s t r e n g t h  was s t i l l  a n  a r b i t r a r y  va lue .  There 
a r e  a t  l e a s t  fou r  acceptab le  methods f o r  c a l c u l a t i n g  the  a rea  of th reads  
i n  the  M i l i t a r y  Handbook H-28 and the Nat ional  Aerospace Standard.  The 
NAS 1348  diameter used f o r  s t r eng th  c a l c u l a t i o n  of threaded b o l t s  pro- 
vided the  b e s t  c o r r e l a t i o n  of t e n s i l e  y i e l d  and u l t ima te  s t r e n g t h s  wi th  
these  p rope r t i e s  of reduced-shank b o l t  specimens. 
To ensure t h a t  the  b o l t s  were manufactured from the  c o r r e c t  ma te r i a l  
and t h a t  manufacturing processes  such a s  gr inding  o r  h e a t  t r e a t i n g  had 
n o t  caused deca rbur i za t ion ,  a recheck of chemical composition was made 
by the  wet a n a l y s i s  and spectrographic  methods. Table I l i s t s  the  
chemical composition and condi t ion  of the t e s t  a l l o y  a s  determined by 
two d i f f e r e n t  l a b o r a t o r i e s .  
Resu l t s  of the  low temperature t e s t s  a r e  t abu la t ed  i n  Tables  I1 
through IVY and the  mechanical p rope r t i e s  a r e  a l s o  i l l u s t r a t e d  i n  
FIG 2 through 5 .  
Figure 2 i l l u s t r a t e s  t h e  notched t e n s i l e  s t r e n g t h ,  the u l t ima te  ten-  
s i l e  s t r e n g t h  (minor diameter and NAS 1 3 4 8  diameter) , and t h e  "Johnson's 
2 / 3  Approximate Yie ld  Strength" (NAS 1348 diameter)  f o r  the  as-received 
Camcar b o l t s .  F igure  2 a l s o  i l l u s t r a t e s  the u l t ima te  t e n s i l e  and y i e l d  
s t r e n g t h s  and the  percent  e longat ion  of the reduced shank b o l t  speci- 
mens. 
Figure 3 compares the notched t e n s i l e  s t r e n g t h  , the  notched-to- 
unnotched t e n s i l e  r a t i o ,  and the  e longat ion  va lues  f o r  high s t r e n g t h  
A-286 b o l t  specimens suppl ied  by the Camcar Manufacturing Company, the 
3 
Standard Pressed S t e e l  Company (SPS) , and the  Voi-Shan Manufacturing 
Company (VS) ( r e f .  7 ) .  
t e n s i l e  s t r eng th  , notched/unnotched r a t i o ,  and a decrease i n  the per-  
c e n t  e longat ion  i n  two inches f o r  the  h ighly  co ld  worked A-286 b o l t s  
suppl ied  by SPS. 
i n  one inch o r  percent  i n  f o u r  d iameters ,  t he  va lues  would be g r e a t e r ;  
however, specimens of 2.0-inch gauge length  were used. Figure 3 i n d i -  
c a t e s  almost i d e n t i c a l  p r o p e r t i e s  f o r  t he  Camcar and Voi-Shan f a s t e n e r s .  
This  comparison shows a decrease i n  notched 
I f  the  e longat ion  va lues  were repor ted  i n  percent  
The u l t imate  t e n s i l e  and y i e l d  s t r e n g t h s  of high s t r e n g t h  A-286 
reduced shank b o l t  specimen suppl ied  by Camcar, SPS,  and VS a r e  com- 
pared i n  FIG 4 .  This  comparison shows the  g r e a t e r  u l t ima te  t e n s i l e  
and y i e l d  s t r eng th  of the 65 percent  co ld  worked m a t e r i a l  used i n  
the  SPS b o l t s .  The comparison a l s o  i n d i c a t e s  the  almost i d e n t i c a l  
t e n s i l e  p rope r t i e s  of the  Camcar and VS f a s t e n e r s .  
Figure 5 i l l u s t r a t e s  t he  as-received p r o p e r t i e s  of Camcar, SPS, and 
VS b o l t s  a t  temperatures  from ambient t o  -423CF (-253OC). The u l t i -  
mate t e n s i l e  and y i e l d  s t r e n g t h s  a r e  based on the  NAS-1348 diameter .  
"Johnson's 2 / 3  Approximate Yield Method" was used i n  c a l c u l a t i n g  the  
y i e l d  s t r e n g t h .  This  comparison of da t a  shows the  SPS f a s t e n e r  t o  
have much g r e a t e r  u l t ima te  t e n s i l e  s t r e n g t h  and y i e l d  s t r e n g t h ;  how- 
e v e r ,  t h e  y i e ld  s t r e n g t h  a t  - 4 2 3 9  (-253OC) approaches the  u l t ima te  
t e n s i l e  s t r eng th  of the  b o l t .  There i s  a c lose  c o r r e l a t i o n  of t he  
u l t ima te  t e n s i l e  s t r e n g t h  of the  as - rece ived  Camcar b o l t s  when ca lcu-  
l a t e d  by use of t he  NAS 1348 diameter w i t h  the  u l t ima te  t e n s i l e  
s t r e n g t h  of t h e  reduced shank b o l t  specimens. Th i s  c o r r e l a t i o n  i s  
t r u e  a l s o  of the  0.2 percent  y i e l d  s t r e n g t h  of t he  b o l t s  when ca lcu-  
l a t e d  by the "Johnson's 2 /3  Approximate YSeld Method" by us ing  the  
NAS 1348 diameter and the  reduced shank specimen y i e l d  s t r e n g t h .  
F igure  6 i l l u s t r a t e s  the  micros t ruc ture  of t he  c e n t e r  por r ion  of 
the unthreaded shank and a l s o  of the threaded a r e a  of a Camcar b o l t .  
The g r a i n  s ize  and o r i e n t a t i o n  i n d i c a t e s  a l a rge  amount of co ld  work. 
Microhardness measurements i n  the threaded a rea  y i e lded  a Rockwell C 
hardness of 46 (converted from DPH). 
F igure  7 compares the  macrostructure  of t he  cold-formed Camcar b o l t  
head, showing the  flow l i n e s ,  w i t h  the  Vickers  DPH and Rockwell C 
hardness va lues .  These hardness  readings  showed t h e  maximum hardness  
(Rc 45) t o  be loca ted  a t  t h e  c e n t e r  of t he  b o l t  head flow l i n e s .  
Conventional h o t  headed b o l t s  have the  minimum hardness  a t  t h i s  exac t  
l o c a t i o n ,  thereby inducing a cond i t ion  which can  r e s u l t  i n  head f a i l -  
ure  a t  e leva ted  temperatures .  The "Ray-Carl" co ld  heading process  
should prove b e n e f i c i a l  i n  t h i s  r e spec t  f o r  s u s t a i n e d  performance a t  
e l eva ted  temperature.  
4 
CONCLUSIONS 
The mechanical p r o p e r t i e s  of high s t r e n g t h  A-286 b o l t s  which were 
f a b r i c a t e d  by Camcar Manufacturing Company were s a t i s f a c t o r y  over t he  
temperature range of 75% (23.9OC) t o  -423%' (-253OC) . Ultimate  t e n s i l e  
s t r e n g t h  and 0 .2  percent  y i e l d  s t r eng th  increased  wi th  decreas ing  tempera- 
t u r e  f o r  the  as-received b o l t s  and f o r  the  reduced shank b o l t  specimens. 
The s t r e n g t h  increase  a t t a i n e d  by the "Ray-Carl" cold headed b o l t s  can 
be u t i l i z e d  i n  space f l i g h t  veh ic l e  a p p l i c a t i o n s .  This  process  d id  not  
a f f e c t  de t r imen ta l ly  the  hardness of t h e  b o l t  head, nor  d id  it cause 
a sharp  drop i n  e longa t ion  a t  low temperatures.  
It i s  concluded t h a t  the Camcar high s t r e n g t h  A-286 a l l o y  b o l t s  
compare favorably  wi th  high s t r e n g t h  A-286 b o l t s  suppl ied  by o t h e r  manu- 
f a c t u r e r s  and a r e  s a t i s f a c t o r y  f o r  s e rv i ce  a t  temperatures  from ambient 
t o  -423OF (-253OC). 
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Temp. 











LOW TEMPERATURE MECHANICAL PROPERTIES OF 
HIGH STRENGTH A-286 BOLT SPECIMENS WITH REDUCED SHANKS 
*Exclude - Due t o  undersize specimen 

















































































19  , 900 
Tensi le  
Strength 









































14 ,370  
14 ,310  
1 3  , 950 
.. 
14 ,750  
14 ,670  
14 ,550  
14 ,850 
15 ,780  




17 ,280  
17 ,310  
17 ,250 




































I n  2 Inches 
Percent 
8 . 0  
8 .75  
9 . 0  
8.75 
8.25* 
8 .6  
-
1 0 . 5  
11.0 
1 0 . 5  
1 1 . 0  
1 0 . 5  
10.7 
1 0 . 5  
10 .5  
1 0 . 5  
1 0 . 5  
1 0 . 5  
10 .5  
- 
1 4 . 5  
17 .5  
1 5 . 0  
1 6 . 0  
1 6 . 0  
15 .8  
1 2  .o  
10 . O;”-?; 
12 . o  
10 .5  
11 .5  
g .7 5w:* -
**Exclude - Specimen compressed before  e longat ion  was measured 
***Exclude - Elongation marks not  v i s i b l e  - Estimated clamp mark d i s t ance  
Manual S t r a i n  Rate = 0 .15  inch/minute 
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TABLE I V  
LOW TEMPERATURE TENSILE STRENGTH OF NOTCHED BOLT SPECIMENS 
AND NOTCHED/UNNOTCHED TENSILE RATIOS 
OF HIGH STRENGTH A-286 
T e s t  
Temperature 










Notched (Kt=lO)  Specimens 
T e n s i l e  Strength Notched/Unnotched 


















334 , 000 
329,600 
339,100 













Manual S t r a i n  Rate = 0.15 inch/minute 
I - .50” 




Notch Radius .0015 5 .0005” 2.5” 
I / r . 0 6 8 7 ”  I 
I /  + I  1 
t 
1 
/ \  T t 
,300 t .002” 
I *  4.875” 
A.286 Stainless Steel Alloy 
FIGURE 1 BOLT TEST SPECIMEN CONFIGURATIONS (A) REDUCED SHANK (B) V-NOTCH 
1 2  
F I G U R E  1 A  A-286 R E D U C E D  S H A N K  B O L T  S P E C I M E N S  
TESTED A T  A M B I E N T  T E M P E R A T U R E  
13 
FIGURE 1B A-286 R E D U C E D  SHANK BOLT S P E C I M E N S  
TESTED AT -IOO°F (-73OC) 
14 
F I G U R E  1C A-286 R E D U C E D  S H A N K  B O L T  S P E C I M E N S  
TESTED A T  -2OOOF (-129°C) 
15 
FIGURE 1D A-286 REDUCED SHANK BOLT SPECIMENS 
TESTED AT -320OF (-196OC) 
16 
. 
FIGURE 1E A-286 R E D U C E D  SHANK B O L T  S P E C I M E N S  
















9 5  




Temperature, deg Fahr 
FIGURE 2 LOW TEMPERATURE MECHANICAL PROPERTIES OF HIGH STRENGTH 
A-286 BOLTS, 7/16-INCH DIAMETER 
18 
Temperature, deg C 








































I I I I I I - I I I I I I -  
LEGEND - - 0 Camcar 7/16"-20 Bolts Ray Carl Process 
o Voi-Shan 3/8 "-24 Bolts Cold Worked 50% I - 
II - 
I - - - - I - - 
I I - 
I - 
Elongation (Reduced Shank) - (.300" Diameter) - 
- - 
- 
- (.300" Diameter) 
- 
(.247" Diameter) - - - - - - - 
II - 
I 
I I I I I I I I I I I 
-400 -300 -200 -100 0 100 

















240 .- * 
d 














Temperature, deg C 
-240 -1 84 -1 29 -73 -1 8 38 
1 I I I f I I I I I I I 
I I I I I I I I I I I 
-100 0 100 -400 -300 -200 
Temperature, deg Fahr 
FIGURE 4 LOW TEMPERATURE ULTIMATE TENSILE AND YIELD STRENGTHS OF 






































FIGURE 5 LOW TEMPERATURE " I T '  ULI I ~ I H I E  ' A T  TChlCll I LIVJILL C n 8 . v  InHNSnN's .. . -__ 213 YIELD 
STRENGTHS OF HIGH STRENGTH A-286 BOLTS (NAS 1348 AREA) 
2 1  
- - .  , *- .. . - 
Glyceregia Etch Mag 50X 
Glyceregia Etch MAG lOOX 
FIGURE 6 MICROSTRUCTURE OF CAMCAR A-286 BOLT THREADS AND BOLT SHANK 
22 
417 DPH (42 Rc) 
FIGURE ?-MACROSTRUCTURE OF BOLT HEAD SHOWING FLOW LINES AND HARDNESS VALUES 
23 
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